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l'ur harvest uslng the basal area-maximum dbh-quotient 
~riethocl ul' urleverl-aged rzgulalion (Baker el al. 1996). This 
ot~,jectiv~nlethocl of regulatiu~~ specilicb al'lcr-CLLL LargcLs, and 
the elements are listed In order of their priority. h ~~nifnrrn 
quotient of 1.2 for I in. dbh classes was rr~airil~~ir~ed a:. 

uniformly as possible in all rl-eatlnents. Maximum dbh and 
quotient define the shape of the residual clhh distribution, and 
Shcltor~ and Murphy (1995) provide a description of the 
distribution of tree numbers by product class after the first 5 
yr of the overall study. Competing vegetatio~i was controlled 
usrng herbicides aher the first harvest and before the third. 

Measure~iie~~ts and Calculatiolls 

During the first 4 months of 1993; the dbh and height of 
cach trcc ( 5  in. dbh and ~rcatcri were recorded for each 0.5 ac 
plol. Each Lree with dbh o t  9 in. or greater was graded 
according to the viaual grad~r~g rules crl Clark md McAli3ler 
( 1  998) for souchern pine trees ill ~atur.al slurlds which are 
based 011 the number and size of linlbi in the first 32 ft of  
height. A subset of trees, each relected from a different 
direction froin the center of the plot, were bored, arid Ilteir- 
average growth rate (rings per inch for the last 3 in. of grouith) 
determined. Then the age of each tree in the plot was esti- 
mated by using half of thc dbh minus thc bark thickness timcs 
the average growth rate for the plot. Bark thickness was 
csii~r~aled acccrrcling 10 Farrar andMurphy (1 988). Trees with 
dbh of less than 5 in. mew 1101 c~r~>iitler-etl i r ~  rhr h l l l t l y .  

The grading rules of Clark and h/Ic.Ali\ter ( 1  998) include 
a series of equations for esti~llating the lutllber x,olut~~e rhal 
should be recovered at che sawn~ill for- each tree grade. The 
proportion of the lumber volume grading No. 1 and better, 
No. 2 . and No. 3 and poorer was also estimated using 
equadons based on dbh, total hcight, and agc. For cxamplc, 
the equations for Grade 1 trees follow: 

No.? - 0.5191 9 +0.00000198 D ~ H  - 0.00269 Age ( 3 )  

1Vo.3 = 0.1 194s + 0.0000002 12 l I 2 ~  - 0.000562 Age (4) 

where: 

1'01 = board feet of lulnber in the tree: 

D = dbh in inches. 

H = total height of tree in feet. 

iVo.1 = proporlion of lumber volume that is grade No. 1 or 
l)t:ller, 

1Vo.2 7 prop01-ti011 of lumber volu~lie that is grade No.2, 

iVo.3 = proportion of lumber volume that is grade N0.3 or 
lower, and 

Age = age of tree a[ 4.5 ft ill years 

Multiplying the result of Eyuatio~l (1) titiles Lhe r-csulls (11 
Equation (1 j gives the volume No. I or better luniber recov- 
crcd from that rree. 

The value of a piece crf lumber depends on its size and 
grade. To use an average price per ~ n b l  for all lumber in a 
grade mould penalize the value uf larger trees over smaller 
ti-rrs. 'lo correct for this bias, dnta from an unpoblishcd 
>luily (Pa~lersi~n, 11ni1:jtetl) of 50 lohlolly pine rrens ti:lr- 
vested 111 East 'l'zxar; (10 lr-ee\ I;)I each o f  flvc 2 i r i .  clhh 
zlasses) were used. The data set contained the size alld 
grade for each piece of lumber recovered fl-nni each tree. 
This actual lumber recovery data and market values for 
each size and grade of lumber from Random Lengths 
(1997, 1998) were used to develop weighted averages for 
each trcc size, lunlbcr grrldc, and markct co~lditions (Tablc 
I). For each tree m the current srudy, [he data were 
, - ~ ~ h < ( i ~ u l e d  inl(l the :~pprr)pri;lte ecl~~;~tic~ns to i~rrivr i ~ t  thr 
volun~e cil'lur~~t,e~ i l l  cacti lu~r~ticr grade. 'l'l-~ese values were 
multiplied by the appropriate weighted dollar values and 
added to produce the total tree value lor a given market 
condition. 

The following dependent variables were wed for statisti- 
cal analysis: (1) lumber volu~ne per acre, (2) lumber quality 
in thc tcrms of dollars pcr mbf, and(3) sland value per acre. 
Analysis of variance was ~lscd to dctcrminc if thc tcstcd stand 
and site variables had a significant effect on depeildent 
vari:~hles. Significa~ice was acceptrd at P 5 0.05. 

Results 

Lumber volume ranged from 9.3 mbf/ac for poor sites 
with 60 ft'lac of basal area and 16 in. maximum dbh to 21.1 
mbfiac for the good sites with 80 ft7/ac of basal area and 20 
in. maximum dbh (Figure 1 ). This was a difference of 2.3- 
fold. Analysis of variancc indicatcd that sitc indcx, basal 
area, ,and maximum dbh all significantly affected lu~nbcr 
volume per acre (Table 2.). Increases in  each treatment 
vnriohlr, rehulted in increases in Iumher volume,. 

Lumber value per mbf was 115ed as an indicator of q~r:llity. 
Usi~lg May 1997 prices, \dues rnriged rrr1111 $573 Lo $.iX4/ 
lnbf fortl~e cxtreme combinations of the va-iables (Fipure 2).  
The highest value was only 10%' more than the lowest value. 
Thc valucs for thc othcr combinations did not express a 
consistent trend. The analysis of variance indicatzd that only 
site index and maximum dbh were significant. For May 1998 

Table 1. The weighted value of lumber from loblolly pine trees 
harvested in EastTexasby treedbh and lumber grade in 1997 and 
1998. 

Value (S/n~bf) by luznber grade 
N u ,  I +  No. 2 Yo. 3- 

" 
P t ~ c e s  bzsed on Rsrlduir~ Ler~qLl~s Lu111Lt.r Ma-kel  Repur l  lur May 9,1397 
and May 15,1YYt(. 
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[ Maximum dbh (in.):-\ 

Basal area (ft2/ac) 
Figure 1. Lumber volume in uneven-aged loblolly pine stands 
related to site index (poor < 81 f3 or good r 91 It), basal area. and 
maximum dbh. 

prices, valuzs ranged from $13 1 to $453!mbl' urr puor siles 
and from $444 to $450/mbf on good sites (Figure 2). The 
highest value was only 5% rrlor< ~h~cn  Ihe l o w ~ s t  value. Only 
maximum dbh had a rignificant effect in 1998. 

The value of thc stand's lumber dropped from 1997 to 
1998. Based on May 1997 prices, ihe value of the stand's 
lirmber ranged from $5.054 tcs $12,35Oiac for the extremz 
co~ubirlati~)r~ ol' v:lri:~bles (Figure 3). Increases in site 
index. basal area, and maximum ~ i b h  all s~gnil'ic;jntl y 
increased the stand's lunlbcr value. The stand values based 
on the May 1998 Ilnccs r:jnged from $4,101 to $9,j35/ac 
with a similar trend across the combination of variables; 
thesc valucs were about 20%' llower than those in 1997. 
.%gain, all three rreatmenl variables were significant and 
positive i n  effect. 

Discussion 

compctition from enginzerzd wood products (Random Lengths 
1998, World Wuud Ke\aiew IVIX). In the past, lnrger trccs had 
an advantage over smaller tsecs because wider widths, wl-lid1 
hnd n higher markct value, c o ~ ~ l d  be produced. Larger trees will 
lose some of their econo~nic advarlhge il'ihe wirier widths lose 
[heir higher value. 

I_)u;llity in sawtimbcr is usually a function of size and 
freedom from limbs. Uiffcrent silviculturalpracticesresult in 
different degrees of self-pi-uning and growtll raLes. Lurrlhcr 
v:jlllc is also related to sizc and freedom of knots (limb 
segments). Therefore, we felt that lurr~ber \ d u e  per mbf 
would hc a good indicator of tree quality for a given stand. 
This appears Uue l i ~ r  May 1997 market prices. Thc largcr 
trees from good sires and from stands with maximum dbh of 
20 in. had a higher lumber value'per mbf. Therefore. site 
index and maxi~num Jbh w e ~ x  sigr~ilicanl variables in deter- 
mining value. The effects of basal area on lumber value were 
no1 significant, suggestins that thc 60 ft2/ac treatment of this 
study was not associated wit11 n clccrclise in quality. In even- 
aged stands, lower basal areas are generally associated wilh 
incre;lhetidi:~metergrowth but lc'ss self-pruning, while higher 
basal areas result inless diameter growth but increased self- 
pruning. Perhaps the irregular and clustesed spalial sr- 
rallgement uC Irecs in uneven-aged scands Icsscns thc 
influence of basal area on tree quality. With [he May 1998 
markct priccs, only those trees large enough to produce 2 
x 12's had a value per inbf higher than the reit. Therefore, 
maximum dbh was the only significa~lt variat~lt: hecause 
only trees hetween 16 and 20 in. could produce 2 x 12's 
and those under lG in. could 11ut. 

Large differences in lumber voluii~e per acr-e occurred for 
each coir~hinalion of v;lriables. Sitc indcx affccts lumber 
volume by affecting merchantable height, while basal area 
affccts the number of uees present. and maxirnunl dbh affects 
their size. This difference in volume was great enough to 
make the stand values differ.er11 rcgartlless of  which market 
price was uscd. Bccause the lumber prices in 1998 aese 
lowel-, the stancis had a r~larked reduction in value. This study 
w;is a snapshot of standconditioils and lumbervaluzs at given 

The difkrcncc in market prices betweenMay 1997 and May 
11clin1s i n  tinir. Lumber makcts arc dynamic, and values will 

1998 was consider~thlr. The prices for all gradcs and sizcs had 
vary through [ime and at both local and regional scales. 

dropped from 1997 to 1998, but tlle drop m price of No. 2 or 
better 3. x 10 and 2 x 12 lumber was about double the drop in ~~~~l~~~~~~ 
prices for 2 x 4 and 2 x 6 lumber. In May 11998, 2 x 10 lumber 
was sellingfor less than either 2x4 or2 x h Iulnherfor;~ll grades Uncvcn-aged silviculture using single-tree selection is a 
but 2 x 12's still wcrc the highestpriced. a l e  wider widths we]-e viable nlliior~ [.or lohlolly pine that may appcal to many forest 
losing their price premium to the narrower widths because of landoivners. Results of this study indicate that i~neven-aged 

Table 2. Results of the analysis of variance for timber volume and value in uneven-aged loblofly pine stands with 
different site index, basal area, and maximum dbh. 

Site u1dz.y Basal area Maximum 3bh 
Property* MSE P MSE P hISE P 
Volume (mbCac) 2.2SE2 <0.01 1.20E2 <0.01 1.03E1 0.04- 
19 97 lumber value (Vmhf) ?.ME3 <0.01 8.82PI 0.47 2.44E3 '0.01 
1998 lumbcr value [$!~nbf) 2.10E2 0.11 8.07E1 0.31 4.17E2 0.03 
1997 stead value ($lac) X.71E7 a. 0 1 4.01E7 <0.0 1 5.9iE6 0.02 
1998 stand value ($lac) i1.79E7 -:?. 0 1 ?.4?E7 <0.0 1 2.86E6 0.01 

* There was one degree ot treeconi for each t ~ . e a l ~ r ~ e ~ ~ l  a11d urie fcr ea-h lreatrnent interaction (not shown): the error term had 15 
degrees of freedom. 

7 Forthe 1997 lurnbervsluc,thc intc-raction o f s ~ t e  ~ndnxanr l  m a x i r n ~ r n  dbh wassignificant(MSE= 1.66E2; P~O.Ol } ;~ ioo th~r in terac t ion  
was significz~~l a1 P c  0.05 fo r th is  or other propcnics. 



Maximum dbh (in.): I f 6 C38 28 

Basal area (fi 2!ac) Basal area (ft lac) 
Figure 2. Lumber value per mbf in uneven-aged loblolly pine stands in May 1997 and 1998 relatedto site index (poor 
e 81 ft or good z 91 ft). basal area, and maximum dbh. 

stands have a substantial value that will he sustaiiied through b~~ould probably be preferable for achieving the landowner's 
timc. Thc landoalncr will rcccivc pcriodic incomc if thc stand dmbcr goals. Rcsults of this study show that fluctuations in 
is maintained at acceptahlzbasal areas and maximum dbhs by market prices have a pronounced affect on luinber value. The 
1imhi.r harverling :mcI compzting vegetatinn i~ periodic;llly flaxihility i n  c:iittingcyc:leh. stc~cking levels, :1nt1 str11ct11rc:s in 
contl-olled. The 80 ft2/ac treatment of this study was higher uneven-agzd stands allows capturing valuz during periods of 
than is normally reco~~>~ne~lded  for sustaining uneven-aged good mai-kets. However, the inflexibility of the upper stock- 
stands of lobloIly pine because regeneration processes are ing threshold in uneven-aged stands may be a disadvantage 
adversely affected. Comparison of the lumber quality of the during periods of poor markets: uneven- aged srands may 
X O  llZ/ac Lrea(men1 lo rncrre acceptable residual basal arc-as in have to be cut during pour markets to prevmt orrrstocking 
uneven-aged stands (i  .a,, the G~ft '~/ac treatment) sugsests that from adversely affectiilg regeneration. Although unevan- 
the lower s toch~~gle~re l s  will not sigilificantly reduce1umber aged silviculture nlaintain stands wit11 a high value, most of 
value. The 20 in, maximum dbh may be an advantage to the true valuz of the stand \&rill not be realized by nonindus- 
landowners in ~narkcts that provide a prcmium valuc for trial privatc la~ldowncrs bccausc thcy rcccivc paymcnt bascd 
11lrnher of the widex widths, hut when such marlcets rlo not on stumpageandnotluinherrecovery. However, landownzrs 
exihl (local ~rlills have rr~o~lel-n lechnology lh;i~ c;in hnnclle may c;iplure some on  {he 1r11e value ( I T  t.he slanrl ~hrougt-I 
only diameters of 1 R in. and less), the 16 in. maxiinurn dbh higher carnpztitive bids for ctands wit11 high qualit) lumber. 

Basal area fft 2 / ~ ~ )  Basal area (ft2/ac) 
Figure 3. Lumber value per ac in uneven-aged loblolly pine stands in May 1997 and 1998 related to site index (poor 
< 81 ft or good s 91 f f l ,  basal area, and maximum dbh. 
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